This paper presents the impact of mean maximum temperature on Chitral river basin situated at Chitral district and high altitude (>6000 m) peaks of the Hindukush range under changing climate in Pakistan. The analysis of Chitral River as one of the tributary of Kabul River-the second largest river of Pakistan-revealed that change in temperature has a profound influence on the snow/glacial melt in comparison to the mean monthly rainfall. This is because the studied river is faded by the snow and glacial melt and receives a lot of snowfall from winter (Dec-Feb) to pre-monsoon (April-May). In monsoon period (Jul-Sep), 30% of the time the discharge rate remains above the mean while 60% of the time the discharge is less than the mean in the pre-monsoon (April-May) period. It means that 10% of the time the discharge is in reach of 300% to 900% of the mean flow, showing a rise in water yield and river discharge rate due to increase in mean monthly maximum temperature. Due to this significant increase (p < 0.05), the glaciers start melting faster and disappear in early summer, hence, reducing their residency period to convert into ice. This shows the signals of changing climate transfer into hydrological changes in Pakistan. Our findings are important for agriculture, hydropower and water management sectors for future planning especially in dry season for sustainable food security and for operation of hydrological installations in the country.
INTRODUCTION
The rising trend in temperatures, associated with the changes in precipitation pattern, enhances the hydrological cycle in the form of stream flow volume as well as its distribution throughout the year and temporally causing significant water stress [1] . According to Kundzewicz et al. [2] that discharge in glacier fed rivers will remain increase in the short term but decrease over the next few decades as slowly and gradually ice storage will diminished. It means that temperature change is one of the major factors, affecting precipitation distribution, which may be in the form of snow, glacier melting and rainfall and is considered as major contributor to the fresh water sources [3] [4] [5] [6] . During the past two decades numerous studies have been conducted on the hydrological effects of climate change such as Ayers et al. [7] , Gleick [8] [9] [10] , Lettenmaier and Gan [11] , Mather and Feddema [12] , McCabe and Ayers [13] , Nemec and Schaake [14] , and Schaake [15] from different regions of the world. These studies mainly focus on the effects of changes in temperature and precipitation on mean monthly, seasonal, or annual river flows. In Pakistan, Rehman et al. [16] have reviewed discharge characteristics and suspended load of the northern Indus basins and concluded that most of the area show highest discharge during the July and the summer, and total ratio for most of the northern rivers is >80%. Pakistan is located in South Asia between 24˚37'N latitude and 66˚77'E and occupies a total geographical area of 803,943 km 2 [17] . The country has Arabian Sea in the south bordering India in the east and Iran in the south east, Afghanistan on the north-west and China in the north. High mountains ranges comprise Himalaya and Karakoram ranges with a small part of the Hindukush range are present in the north of the country. Pakistan is the only place where these three great mountain ranges meet. There are more than 5000 glaciers contributing to the Indus River from 10 sub-basins through different tributaries [18] . The effects of global warming in mountain areas are visibly manifested by shrinking of mountain glaciers and reduced snow cover duration [19] . Glacier and Snowmelt water from these glaciers contributes significantly to the river flows in Pakistan [20] . It has one of the largest river network which mainly consists of river Indus, river Jhelum, river Chenab, river Kabul, river Ravi and river Sutlej. Several tributaries of the two big rivers i.e. Indus and Kabul originate from areas included in extreme north of Pakistan. These two rivers are fed by the snow and glacial melt as receiving a lot of snowfall in winter and the pre-monsoon dry season (April-May). The freshwater supply derived from snow and ice melt serves as a critical resource for irrigation and hydropower generation. Hydroelectric power remains the most economically viable and environmentally safest method to overcome the energy crises in the country. In addition, demand for agricultural and domestic water in particular increases significantly at hotter and drier times of the year as agriculture has always been the dominant user of surface water for irrigation. Meanwhile, due to industrial growth in the country, water demand for the industry is also on rise and might compete with agriculture and domestic water consumption. This paper is intended to discuss and review the hydro-meteorological characteristics and discharge rate on seasonal and monthly basis as well as to ascertain the effect of maximum temperature on Chitral River discharge. This type of information is useful not only for watershed management but also for irrigation, hydel power generation and disaster management sectors.
STUDY AREA DESCRIPTION
Chitral River is one of the major indirect tributaries of the Indus River arises near the Baroghil pass in Hindukush Mountains from Kunhar River as one of the tributary of Kabul river in Afghanistan (Figure 1) . The upper most section of the Chitral River is known as Yarkhum River, between Mastuj and Chitral towns and downstream it is called Chitral River located between 35˚50 and 71˚48. The drainage area of Chitral River in Chitral is 11,396 km 2 . The mean annual runoff of the river for 34 years of record (1964-98) is 8670 Mm 3 . The maximum recorded discharge was 1586 m 3 /s on 16 th July, 1973 and the minimum recorded discharge was 46 m 3 /s on 10 th March, 1964. The river is glacier/ snow fed and it flows steadily throughout the year with additional runoff during the monsoon period i.e. Jul-Sept [20] . It drains an extensive area of high relief and snow cover in Chitral and subsequently contributes well over half of the discharge of the Kabul River. About 30 km west of Peshawar, the Kabul River was dammed for irrigation and hydel power generation with and optimum capacity of 250,000 kW. However, due to extensive silting during the last thirty years, the reservoir is almost full and power generation has dropped to a range of 20,000 -64,000 kW during winters and summers, respectively [16, 21] .
DATA AND METHOD
The dataset used in this study consisted of mean minimum and maximum temperatures and rainfall records obtained from the Climate Data Processing Centre (CDPC) of Pakistan Meteorological Department (PMD) while river discharge data was acquired from Water and Power Supply Development Authority (WAPDA). In order to analyze the data and determine trends in temperature, rainfall changes and their effects on the Chitral River flow, means were computed for the 5 years and entire period . The reliability of data and homogeneity of means were statistically tested by applying different statistical tests, using SPSS version 20. 
RESULTS AND DISCUSSION

5 Years Trend
To get a better understanding of observed trends, the annual mean of minimum and maximum temperatures, rainfall and river discharge data were carefully analyzed through ANOVA test into five years trend for their significance at p < 0.05. In the Table 1 , mean maximum, rainfall and river discharge have been observed most significant as compared to mean minimum temperature.
25 Years Trend
Hydro-meteorological characteristics have been determined through water yield/contribution per annum in catchment's basin and river basin analysis ( Table 2) .
Water Yield Calculation
Daily water yield D calculation has been carried out through an annual average value X from the mean annual values of different years. This average value was then multiplied with the factor 86,400 (seconds are changed into days) to get amount of water in cubic meters per day Y. Y was then divided by the catchments area Z of a particular station to get daily yield in m 3 /s of the catchment area.
Where Y X 86, 400   According to WAPDA [22] that precipitation rate in Chitral river catchment's area is comparatively low, especially the influence of the monsoon rainfall, which makes the more northern parts of the valley quite arid. Because of high altitude, precipitation mostly comes in the form of snowfall that feeds snowfields and glaciers of Hindukush Mountains.
The dataset of Chitral River shows the mean annual discharge of 277 m 3 /s ( Table 1 ) with a strong monthly variance ranging from a maximum of 841.90 m 3 /s in July to a minimum of 66.44 m 3 /s in March ( Table 2) .
It has also been noted from the weather record of Chitral station that on average July is the hottest and driest month of the year having mean maximum temperature of 36˚C and 8 mm of average rainfall whereas the mean maximum temperature of March is about 15˚C and an average of 117 mm rainfall. Hence it is clear that temperature has a profound influence on the snow/glacial melt in comparison to rainfall. The discharge of Chitral River increases almost 12 times from March to July (Figure 2 ). The analysis also shows that maximum flow (60%) takes place in the monsoon period i.e. Jul-Sep followed by 23% flow in pre-monsoon period. The flow duration curve (Figure 3) indicates that the discharge remains above the mean approximately 30% of the time while 60% of the time the discharge is less than the mean value. It also shows that up to 10% of the time the discharge in access of 300% to 900% of the mean flow. It means that snow/glacial cover of the area melt or retreats with respect to the climate and respond in similar way to seasonal and annual variations in discharge as suggested by Ferguson [23] . Plotting discharge values as time series (Figure 4) shows that the highest annual discharge took place in 1988 and 1992 (320 m 3 /s) whereas the lowest discharge of 220 m 3 /s was recorded in 1982. The results of the highest annual discharge are in consistent with the study of Rehman et al. [16] . The trend line indicates a clear increasing trend in the discharge rate from 1976 to 2000. The same significance trend is shown by the ANOVA result presented in Table 1 .
CONCLUSION
In order to examine the influence of the rapid snow melting on Chitral river discharge at Chitral district during monsoon period July to September, the hydro-meteorological data were carefully compiled into five and twenty five year periods. The results of the study revealed that mean monthly maximum temperature has a strong influence on river discharge and impact of rainfall is relatively small because large bulk of river discharge occurs during May-September due to snow/glacial melt and receives a lot of snowfall from winter (Dec-Feb) to pre-monsoon (April-May). In the present study, 30% of the time the discharge rate remains above the mean in the monsoon period (Jul-Sep), while 60% of the time the discharge is less than the mean in the pre-monsoon (April-May) period. It means that 10% of the time the discharge is in reach of 300% to 900% of the mean flow, indicating the signals of climate change i.e. a rise in water yield, river discharge and shortened the snow fall period due to increase in mean monthly maximum temperature. Therefore, the present study will be useful for irrigated agriculture, hydel power generation and watershed management sectors for future planning and response capabilities to disastrous effects of change in hydrological cycle on national level. 
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